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Case Report
Orthodontic Treatment of a Patient with an Impacted
Maxillary Second Premolar and Odontogenic Keratocyst
in the Maxillary Sinus
Yuko Tanimotoa; Shouichi Miyawakib; Mikako Imaic; Ryoko Takedad; Teruko Takano-Yamamotoe
Abstract: An eight-year-, four-month-old girl was brought to the orthodontic clinic of Okayama
University Medical and Dental Hospital. The patient had an impacted upper left second premolar
because of an odontogenic keratocyst and showed a skeletal Class II jaw base relationship. At
the age of six years four months, marsupialization of a cyst was performed at the Okayama
University Medical and Dental Hospital because the patient had shown a swelling of the left cheek
because of the cyst. The upper left second premolar was located in the roof of the maxillary sinus.
The cyst was histopathologically diagnosed as an odontogenic keratocyst. At the age of nine
years 10 months and after regaining the space for eruption of the premolar, the impacted premolar
erupted without traction. At the age of 12 years five months, edgewise treatment was initiated,
which continued for three years. After removing the edgewise appliance, an optimum occlusion
was achieved. The occlusion was maintained without recurrence of the keratocyst after a retention
period of five years. (Angle Orthod 2005;76:1077–1083.)
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INTRODUCTION
The odontogenic keratocyst was first described by
Philipsen in 1956.1 The incidence of odontogenic ker-
atocyst among all cysts is reported to be 7.6%.2 For
the exact diagnosis, histopathological examination is
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generally necessary.3 The keratocyst was more fre-
quently observed in the mandible, particularly in the
mandibular third molar region, than in the maxilla.4,5
The mean age of affected patients is approximately
34.5 years, and the incidence was approximately 1.3
times higher in male patients than that in female pa-
tients.2,4 It is known that the odontogenic keratocyst
frequently recurs after enucleation,4,6 particularly within
the first five years,7 because complete enucleation of
a keratocyst is often difficult. Although complete re-
section of a keratocyst, including the associated tooth,
decreases the recurrence rate, the procedure often
causes morbidity.8,9 Recently, it has been reported that
marsupialization is a better alternative for the treat-
ment of keratocyst.5,10
Few reports have described the eruption of an im-
pacted tooth associated with an odontogenic kerato-
cyst in the maxillary sinus.11 Furthermore, there have
not been any case reports in which orthodontic treat-
ment was performed in a patient with an impacted
tooth associated with a keratocyst, although there was
a case report in which a keratocyst occurred during
orthodontic treatment.12 This case report describes the
successful orthodontic treatment of a patient with an
impacted maxillary second premolar and odontogenic
keratocyst in the maxillary sinus without recurrence of
the keratocyst, even five years after retention.
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FIGURE 1. Cephalometric radiographs. Arrows indicate the impact-
ed premolar. (A) Before marsupialization: (six years three months).
(B) Pretreatment: (eight years four months). (C) Posttreatment: (15
years four months). Left: lateral view; right: frontal view.
FIGURE 2. Panoramic radiographs. Arrows indicate the impacted premolar. (A) Pretreatment: (eight years four months). (B) Pre–edgewise
treatment: (11 years two months). (C) Posttreatment: (15 years four months). (D) After five years of retention: (20 years six months).
CASE REPORT
A six-year-, two-month-old girl was brought to the
clinic of Oral and Maxillofacial Surgery I of Okayama
University Medical and Dental Hospital with complaints
of left cheek swelling and ipsilateral nasal obstruction.
The upper left second premolar was located around
the roof of the sinus because of the cyst (Figure 1A).
The cyst was surgically marsupialized by oral and
maxillofacial surgeons. The cyst was histopathologi-
cally diagnosed as an odontogenic keratocyst.11
After marsupialization, the patient was introduced to
the orthodontic clinic when she was eight years and
four months old (Figures 1B, 2A, 3A, and 4A). The
patient exhibited an asymmetric face because of the
swelling due to the keratocyst, and her facial profile
was convex because of the mandibular retroposition.
Mentalis strain was observed when the lips were
closed (Figure 3A). The molar relationship was Class
I on the right side and Class II on the left side. The
upper left first molar was inclined mesially and was
prevented from erupting by the presence of the decid-
uous second molar. The overjet was 3.4 mm, and
overbite was 4.3 mm (Figure 4A). The upper dentition
was asymmetrical because of the impacted second
premolar, and the lower dentition was symmetrical.
The mandibular anterior teeth were mildly crowded.
Panoramic radiographs showed the impacted pre-
molar located in the maxillary sinus. Both the root for-
mation of the impacted left premolar and that of the
right premolar were less than one-fifth that of a normal
root. The upper left first molar was tilted mesially, and
the root apex contacted the germ of the upper left sec-
ond molar (Figure 2A).
Lateral cephalometric radiographs showed a skele-
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FIGURE 3. Facial photographs. (A) Pretreatment: (eight years four
months). (B) Pre–edgewise treatment: (11 years two months). (C)
Posttreatment: (15 yrs four months). (D) After five years of reten-
tione: (20 yrs six months). Left: frontal view; right: lateral view.
tal Class II jaw base relationship (ANB: 8.58), the ret-
rognathic mandible (SNA: 83.08, SNB: 74.58), and av-
erage mandibular plane angle (Mp-FH: 39.48) com-
pared with the normative values for Japanese females
of a corresponding age13 (Figure 6; Table 1). Slight
lingual inclination of the maxillary incisors and labial
inclination of the mandibular incisors were observed
(U1-SN: 101.38; L1-MP: 99.08; Table 1).
Treatment planning
In the mixed dentition, treatment was planned as fol-
lows.
• Correction of the skeletal Class II jaw base relation-
ship using a functional appliance such as an acti-
vator.
• Correction of the mesially inclined upper left first mo-
lar.
• Regaining eruption space for the impacted upper left
second premolar.
• Correction of the molar relationship using a straight
pull headgear.
• Careful observation after marsupialization of the ker-
atocyst by serial radiographs for five years.
In the early permanent dentition, and when there
was no recurrence of the keratocyst, orthodontic treat-
ment was planned as follows.
• Alignment of teeth and achievement of an ideal oc-
clusion using an edgewise appliance.
• Retention after edgewise treatment.
Treatment progress
A functional appliance (activator) was applied at the
age of eight years four months for a period of six
months. The upper left second deciduous molar was
extracted, and brackets were bonded onto the upper
left first premolar and first molar. Using a sectional
arch and distal extension lingual arch appliance, the
first molar was moved to an upright position (Figure
5).14 The maxillary left first molar was improved, and
space for eruption of the impacted second premolar
was gained.
The impacted premolar gradually erupted into the
space without traction (Figure 5E). The upper left sec-
ond premolar half erupted at the age of 11 years two
months. A headgear was applied at the age of 11
years two months (Figures 2B, 3B and 4B), and edge-
wise treatment was initiated at the age of 12 years five
months. At the age of 15 years two months, all appli-
ances were removed. A Begg-type retainer and spring
retainer were inserted in the upper and lower denti-
tions, respectively (Figures 1C, 2C, 3C, and 4C).
Treatment results
Optimal intercuspation of teeth was achieved with-
out recurrence of the keratocyst (Figure 4C). The root
of the impacted second premolar showed normal mor-
phology without root deformation (Figure 2C). A Class
I molar relationship was achieved (Figure 4C). The fa-
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FIGURE 4. Intraoral photographs. (A) Pretreatment: (eight years four months). (B) Pre–edgewise treatment: (11 years two months). (C)
Posttreatment: (15 years four months). (D) After five years of retention: (20 years six months). Left: lateral view on the right side; center: frontal
view; right: lateral view on the left side.
cial profile changed from convex to straight, and the
mentalis strain disappeared (Figure 3C). The mandib-
ular body length increased, and a skeletal Class I jaw
base relationship was achieved (ANB: 3.88; Figure 6;
Table 1).
Acceptably good occlusion and facial profile were
maintained after a retention period of five years two
months (Figures 2D, 3D, and 4D) without recurrence
of keratocyst. During the retention period, the ANB an-
gle increased from 3.8 to 4.68 (ANB). The maxillary
incisors were inclined labially (from 111.98 to 114.38 of
U1-SN; Table 1). The patient did not have any TMD
symptoms such as TMJ pain, TMS sound and difficulty
in jaw-opening throughout the treatment period includ-
ing the retention period.
DISCUSSION
Regarding treatment of an odontogenic keratocyst,
removal of the cyst including the associated tooth and
surrounding bone has been generally performed.8,12 In
the present case, marsupialization of the cyst was per-
formed11 because the patient was still growing. If the
cyst and the associated tooth were surgically re-
moved, maxillary growth might have been disrupted
because of surgical invasion. Recently, it has been re-
ported that marsupialization of the keratocyst is an ef-
fective alternative.5,10 Because the recurrence rate of
keratocyst is higher than that of other cysts,6 we con-
sidered that long-term careful observation is neces-
sary after marsupialization of the keratocyst. There-
fore, although orthodontic treatment cannot prevent
the recurrence of keratocyst, we consider that the pe-
riodic dental examination with panoramic radiographs
is useful to detect a recurrence of the keratocyst ear-
lier.
It has been reported that the eruption speed of the
impacted tooth associated with a cyst is faster three
months after marsupialization than that at other times,
regardless of the degree of root formation or kind of
cyst.15 In the present case, the impacted premolar rap-
idly moved downward during the first three months af-
ter marsupialization, as was reported previously.15
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FIGURE 5. Intraoral photographs during the space regaining for the impacted tooth eruption. (A) Pretreatment: (eight years four months). (B)
During treatment with sectional arch wire appliance: (nine years zero months). (C) During treatment with sectional archwire appliance: (nine
years four months). (D) During treatment with lingual arch appliance: (nine years seven months). (E) During treatment with lingual arch
appliance: (10 years zero months). (F) After treatment with lingual arch appliance: (10 years two months).
TABLE 1. Changes in Cephalometrical Data
Measurements
8 y 4 mo
Value Z-Scorea
11 y 4 mo
Value Z-Scorea
15 y 2 mo
Value Z-Scorea
20 y 6 mo
Value Z-Scorea
N-S (mm) 66.1 1.09 68.5 1.07 71.6 1.04 72.3 1.06
Ar-Me (mm) 91.4 0.00 101.7 0.90 114.9 1.39 114.2 1.27
N-Me (mm) 111.6 0.68 118.0 0.85 126.3 0.11 126.1 0.01
SNA (8) 83.0 0.46 83.8 0.78 83.6 0.58 84.6 0.83
SNB (8) 74.5 21.01 77.7 0.03 79.8 0.26 80.0 0.19
ANB (8) 8.5 2.43 6.1 1.42 3.8 0.41 4.6 0.73
MP-SN (8) 39.4 0.13 35.2 20.81 34.0 20.68 32.0 20.81
Gonial angle (8) 126.9 20.08 123.8 20.67 124.4 0.32 121.7 20.32
Overjet (mm) 3.4 0.81 5.2 0.84 2.0 20.84 3.1 20.18
Overbite (mm) 4.3 1.04 4.9 1.01 1.3 21.21 2.8 20.31
U1-SN (8) 101.3 20.46 107.7 0.11 111.9 0.61 114.3 0.72
L1-MP (8) 99.0 1.18 98.3 1.13 105.1 1.93 105.3 1.96
a Z-score was calculated as (value 2 norm)/1 SD using the norms and SDs of normal Japanese females of the corresponding age.13
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FIGURE 6. Superimposition of cephalometric tracings. (A) Superimposition on the SN Plane registered at S. (B) Superimposition on the palatal
plane registered at Ptm. (C) Superimposition on the mandibular plane registered at Me. a: pretreatment: (eight years four months); b: pre–
edgewise treatment: (11 years two months); c: posttreatment: (15 years four months); d: after five years of retention: (20 years six months).
The traction on an impacted tooth with an immature
root, often causes root resorption, root deformation,
and pulpitis.16 In the present case, the root length of
the impacted premolar was less than one-fifth that of
a normal root, and the root apex was open at the initial
stage. Therefore, we did not apply traction to the im-
pacted premolar because a normal eruption was ex-
pected, and we only observed the impacted tooth al-
though we were creating a space for tooth eruption.
As a result, the impacted tooth erupted naturally. The
present case was successful, but we considered that
there is a possibility that orthodontists should apply
traction to an impacted tooth if the eruption power is
lost. Furthermore, the present case of odontogenic
keratocyst was rare because the region of the cyst,
patient age, and sex did not coincide with those re-
ported in the majority of patients with keratocyst.2,4,5
Therefore, it is suggested that careful observation and
orthodontic treatment during optimal times is neces-
sary in a growing patient with an impacted tooth and
odontogenic keratocyst.
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